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Abstract
The dangers posed by invasive species for endemic island wildlife are well recognised. Introduced domestic cats (Felis catus)
represent a significant threat to several endemic species of the Galápagos archipelago—including hatchling marine iguanas
(Amblyrhynchus cristatus) and potentially green turtles (Chelonia mydas)—yet little is known about their spatial ecology and
habitat use on these islands. Here, we describe a pilot study using GPS collars to track the movements of three feral cats at a site of
conservation interest on San Cristóbal Island. Based on 175 days of GPS data, we undertook spatial analyses to ascertain home
ranges, and to investigate the overlap of ranges between the cats and potential prey species. Average home range was 1.27 km2
(1.12–1.46 km2), which—though small for feral cats—is in keeping with previous findings in Galápagos. We found the cats did
use the habitat of a small marine iguana population but did not change their spatial habits before and after iguana hatchlings
appeared. Changes over time in the daily movements of one cat indicated a possible response of the individual to the presence of
hatchling green turtles (Chelonia mydas); though the data here are insufficient to show whether the cat was hunting these
hatchlings. We recommend similar work be undertaken in areas with larger marine iguana populations, where hatchlings could
represent a potentially important food source for invasive feral cats, as well as further work to determine the threat posed by cats
to turtle hatchlings in Galápagos.
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Introduction
The negative impact of invasive species on endemic wildlife is
well recognised. This influence can be particularly strong on
islands, where vulnerable biological assemblages may be rap-
idly decimated by an influx of non-native species (Vitousek
1988). Invasive species are the primary cause of extinctions
on islands (Doherty et al. 2016) and the devastating effects of
introduced predators on such systems have been seen world-
wide (Reaser et al. 2007; Spatz et al. 2017), including in the
Hawaiian Archipelago (Boyer 2008), the Azores (Bried et al.
2009), and New Zealand (Russell et al. 2015). Domestic cats
(Felis catus) have been implicated in reductions of 25 threat-
ened reptile species worldwide (Medina et al. 2011).
The Galápagos archipelago is limited in terms of native
mammals—as is common in remote island chains—and en-
demic Galápagos species have evolved in the absence of larg-
er terrestrial mammalian predators. These island endemics
demonstrate little wariness (Berger et al. 2007) and are there-
fore particularly vulnerable to predation by black rats (Rattus
rattus), domestic cats and dogs (Canis familiaris) (Cayot et al.
1994). These introduced animals were originally brought to
the archipelago by people, and today are found feral on many
of the islands. A full understanding of the effects of these
introduced species is not yet available. However, it is
suspected that they put many species of conservation concern
at risk of population reduction or extirpation (Konecny 1987a;
Cayot et al. 1994; Wikelski and Nelson 2004).
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The Galápagos marine iguana (Amblyrhynchus cristatus) is
an emblematic endemic species of the Galápagos archipelago.
The species is recognised as vulnerable to extinction by the
International Union for the Conservation of Nature (IUCN;
Nelson et al. 2004). Although marine iguanas are monitored,
robust estimates of current population sizes for most islands
are lacking. On San Cristóbal, marine iguana populations are
thought to be the smallest of any island, and the colonies
around Punta Pitt in the northeast are likely to be critically
small (< 500 adults; MacLeod et al. 2016). A recent taxonom-
ic revision (Miralles et al. 2017) has recognised the animals
from these colonies as a new subspecies, the Godzilla marine
iguana (A. c. godzilla). This subspecies delimitation, together
with recent population size estimates, indicates that the colo-
nies around Punta Pitt are the single highest priority for pro-
tection from anthropogenic threats (MacLeod and Steinfartz
2016), including introduced predators.
Feral cats on the Galápagos are known to have broad diets
including rodents, birds, crabs, arachnids, beetles, grasshop-
pers, lizards and fish (Konecny 1983). As in many other loca-
tions, feral cats here preferentially select rodents when avail-
able; but lizards and birds are also common prey items
(Konecny 1983). The density of introduced black rats
(Rattus rattus; the only rodent likely to be found in the study
location) is highly dependent on the local habitat type and
vegetation density, with arid coastal zones harbouring far
smaller populations than montane forests, especially before
the rains of the wet season arrive—usually beginning in July
(Clark 1980). Though lava lizards appear to be the main rep-
tilian prey, feral cats are also known to predate hatchling and
young Galápagos marine iguanas (Cayot et al. 1994; Konecny
1983) and are suspected to be a serious threat in affected
populations (Laurie 1983). Observations from researchers
working at Punta Pitt in the 1980s onwards indicate that ma-
rine iguana populations in this area have been critically small
since at least this time (Laurie 1983; Wikelski and Nelson
2004; MacLeod and Steinfartz 2016), and that feral cats were
also present and numerous then (WA Laurie, pers. comm.).
Given the apparent abundance of suitable food sources and
nesting substrate at this locality (A. MacLeod, pers. obs.), the
small population size of marine iguanas at Punta Pitt is a
somewhat enigmatic situation. However, feral cat predation
is strongly suspected which our study aims to investigate.
Rapid advancements in the development of tracking equip-
ment now allow the deployment of smaller collars which can
remotely track feral domestic cats. These have much to offer
in terms of enhancing our understanding of their movement
ecology, daily activity patterns, and possible interactions with
other wildlife. Herein, we describe a small-scale pilot study
which attempts to investigate the movements of feral cats
within the vicinity of one key population of Galápagos marine
iguanas. Since it is the iguana hatchlings that are known to be
predated by feral cats, we focused on observing cats around
the hatching season of the marine iguana. Specifically, we
were interested in whether the spatial ecology of the cats
changed in response to the hatching of the iguana eggs. As
feral cats on the Galápagos must respond to seasonal fluctua-
tions in prey availability (Konecny 1983), our hypothesis was
that cats alter their habitat use once the hatchling iguanas
began to emerge, to take advantage of this new prey item.
We therefore fitted feral cats with GPS collars shortly before
the marine iguana hatching season and continued to track
them once hatchlings had started to emerge. To answer the
question of whether there was an observable change in the
habitat use of these cats once marine iguana hatchlings
emerged, we then compared the cats’ movements both before
and after this event. Whilst the core aim of this project was to
focus on feral cats within marine iguana habitat, we extended
this aspect to look at other species that occupy distinct areas
within the cats’ range andmay also be affected by them. These
include green turtle hatchlings (Chelonia mydas) and the red-
footed booby (Sula sula). Both species were actively nesting
during the time of the study. In the case of the green turtle,
hatching events were extremely common during the study
(hatchlings emerged from multiple nests during most early
evenings and nights), and thus may provide abundant poten-
tial prey for the cats (Seabrook 1989) during these times.
Though several other small species of potential conservation
concern including lava lizards (genus Microlophus, near
threatened), racer snakes (Pseudalsophis biserialis, data defi-
cient), Darwin’s finches (family Thraupidae, varied statuses),
lava gulls (Leucophaeus fuliginosus, vulnerable) and
Chatham mockingbird (Mimus melanotis, endangered) were
all recorded in the area covered by the study, there are insuf-
ficient data regarding nesting locations and ranges of these
species to analyse the possible impact of cats on these en-
demics. We also aimed to gather basic information regarding
the extent of the home ranges of the cats, and whether their
nocturnal habits differed from their diurnal habits.
Methods
Fieldwork
We undertook fieldwork between April and July 2013 in the
area of Punta Pitt on the north-eastern tip of San Cristóbal
(Fig. 1). This area includes a zone of bare sandy beach where
turtles nest, a rocky intertidal zone where marine iguanas for-
age or rest during the day, and a dry scrub zone dominated by
Palo Santo trees (Bursera graveolens). The closest source of
standing or running fresh water is over 30 km away. In early
May, we fitted four feral cats (two males and two females)
with GPS collars (e-obs; Germany l 1C light UHF). The cats
were caught using live traps (single door Tomahawk type,
80 × 25 × 15 cm), baited daily with sardines. All cats were
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caught within a 1-week period, and the traps were checked
thrice daily to minimise potential stress. Due to the remote
location, no veterinarian was available for the collar fitting,
and so we undertook this work without use of anaesthesia. We
weighed the trap together with cat using a spring balance and
subtracted the trap weight. We then rapidly fitted the collars
(115 g; ≤ 5% of the body weight) with one person restraining
the cat using heavy-duty gardening gloves and a thick blanket.
After collar fitting, we immediately released the cats. Aside
from minor self-inflicted injuries in the traps, all animals ap-
peared completely healthy upon release. To allow the cats to
acclimatize to the collars and recover from the stress of the
trapping, we discarded the first 3 days of collar data. This
period was chosen by viewing the GPS-recorded movements
of the four cats, all of whom appear to have resumed normal
movements within this 3-day window. We obtained data re-
motely from a base station (e-obs l b5), which automatically
downloaded data when the collars were within a close range
(probably < 0.5 km). If data were not downloaded in this way
within 3 days, we radio-tracked the cats to within a working
proximity for the data download. We programmed the collars
to provide GPS fixes every 30 min for 24 h per day; therefore,
each day provided up to 48 GPS fixes.
We conducted ground surveys on species of conservation
interest (Godzillamarine iguanas, green turtles and red-footed
boobies). Locations of interest (sites of adult or juvenile pres-
ence and nesting sites) were recorded using a handheld GPS
device (Garmin GPSMAP 64st). In addition, we recorded the
location of a shallow salt lake, which attracted several species
of small birds, including the black-necked stilt (Himantopus
mexicanus), sanderlings (Calidris alba) and whimbrels
(Numenius phaeopus), as it provided a potentially rich hunting
ground. To ascertain the date at which marine iguana hatch-
lings began emerging, we undertook daily surveys of the col-
onies until 1st June whilst we were engaged in other fieldwork
in the local area, then surveyed every 3 days until the first
hatchlings were confirmed. On 7th June, we encountered the
first hatchlings, which were estimated to be less than 1-week-
old based on consultation with the local expert wildlife veter-
inarian. As turtles were not the initial focus of this work, our
observations of nest emergence are somewhat more ad hoc;
during a field camp (early April to early June) in the vicinity of
the nesting beaches, we observed regular nightly emergence
of hatchlings. However, from the literature, we see that green
turtle hatchlings are known to mostly (> 86%) emerge after
darkness (Pritchard 1971; Glen et al. 2005). Nesting period on
the Galápagos is from December to June peaking in February
(Arteaga and Guayasamin 2019), with emergence around
55 days after egg deposition (Zárate et al. 2013). Therefore,
our observations are in keeping with other studies and the
timing of our data collection coincides with the peak emer-
gence of hatchling green turtles.
Analysis
We spatially analysed the data using ArcMap 10.5.1 and Rx64
3.4.4 with the package “adehabitatHR” (Calenge 2015). We
first removed GPS points with a horizontal accuracy of over
20 m, which made up a mean of 10% of data points for each
cat. We then used kernel density estimation (Campbell et al.
2013; Lichti and Swihart 2011) to produce home (95%) and
core (50%) ranges for each cat from their recorded GPS fixes.
To identify the bandwidth that produced consistently sensible
home and core ranges without lacuna for the full datasets as
well as analysed subsets, we used an ad hoc method of
smoothing parameter selection, as recommended by Kie
(2013). This resulted in the use of a bandwidth of 0.9*href
(the reference bandwidth). We then clipped these ranges to the
extent of the island and identified the intersections (overlap-
ping areas) between them. We also produced home and core
night and day ranges for each cat, with the cut-offs between
the two at 06:00 and 18:00.We then identified the intersecting
areas between the night and day ranges for each cat.
Surveys of potential prey
We mapped the locations of a red-footed booby nesting area
and the salt lake containing multiple waterbird species and
compared them to the recorded locations and ranges of the
cats. The areas of two marine iguana colonies were mapped
by creating separate buffer zones which extended 250 m in
from the coastline—the maximum distance of nesting
Fig. 1 Location of Galápagos,
relative to continental Ecuador,
and our field site (shown by the
black star)
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observed—between the range limitation coordinates recorded
in the field for each colony. We used satellite imagery from
ArcGIS’s World Imagery (ArcGIS 2019; chosen as this
provided cloudless images for our study area at a resolution
of 0.5 m) to identify an outcrop of higher altitude (up to 95m).
We excluded this area from these buffer zones as we presumed
it to be unsuitable habitat for marine iguanas, and none had
been seen here during many foot surveys. We then identified
the overlap between these iguana areas and the ranges of the
cats. In addition, we compared cat activity in these areas be-
fore and after the estimated iguana hatchling emergence start
date of 1st June. The regions of green turtle nesting sites found
during regular foot surveys were selected on the satellite im-
ages; these were areas of coastal sand or patchy sand with
scrub.We then analysed the activities of the cats in these areas,
during the time of day at which turtle hatchlings emerged
(18:00–22:00; as seen by direct observation and from the lit-
erature; Salmon and Reising 2014). For one cat which showed
a high level of activity in this area, we produced another core
range using only GPS fixes recorded during this time window
and compared it to the core range determined for the whole
period of observation.
Results
Data obtained
We caught in total four cats (two females and two males)—
though we used baited traps set from mid-April, all captures
occurred within 1 week in early May. Of the four cats, the last
cat collared (a female) was younger and smaller than the other
three, and since the data collected for this cat was very short-
term (24 days) and showed significantly shorter-range move-
ments than the others, we chose to disregard these data on the
grounds that they appear not to be representative for adult feral
cats. A summary of the GPS data collected for the three cats is
given in Table 1.
Home ranges and general habitat use
The home ranges of the cats ranged from 1.12 to 1.46 km2
with 1.27 km2 being the mean value (Table 2). Cats C2417
(female) and C2418 (male) had larger home ranges than
C2419 (male), but the core range for C2419 was larger
than that of the other two cats, implying increased consis-
tency in its use of the area available to it. There was very
little difference between the nocturnal and diurnal ranges
of each cat, with the home ranges overlapping by an aver-
age of 86% of the area. Only one cat, C2419, showed high
variation in its diurnal and nocturnal area use, but only at
the core range level, which overlapped by only 35.1% be-
tween day and night. The home ranges of all three cats
overlapped and the range of the smallest (therefore possi-
bly the youngest) cat, C2419, existed in the middle of those
of the other two (Fig. 2). Cats C2418 and C2419 showed
the largest overlap of 36% of the total area covered by their
home ranges (Table 3); the core ranges of cats C2417 and
C2419 also overlapped.
Overlap between cat ranges and selected species
of interest
Red-footed boobies and other waterbirds
The recorded red-footed booby nesting area was not within
any of the home ranges of the cats. GPS fixes of only one cat,
C2418, came within 500 m of the nesting area and only one of
its fixes was somewhat close (101 m away). The salt lake—
which attracted multiple waterbird species—did sit within the
home range of cat C2417 and partially overlapped with its
core range, but the GPS fixes for that cat did not appear to
cluster around its edge in comparison with other areas. The
home range of the second nearest cat, C2419, was 110 m from
Table 1 Basic information on data collected using GPS collars from the
three cats
Cat ID Sex Data period Days of GPS data
C2417 Female 06.05.2013–15.08.2013 103
C2418 Male 07.05.2013–13.06.2013 38
C2419 Male 11.05.2013–13.06.2013 34
Table 2 Area of the home (95%) and core (50%) ranges estimated for
all three cats using kernel density estimation
Cat ID 95% range (km2) 50% range (km2)
C2417 1.46 0.22
C2418 1.24 0.32
C2419 1.12 0.39
Table 3 The extent of overlap between the home (95%) ranges of each
cat and the core (50%) ranges, produced by dividing the area of the
intersect by that of the union of each pair of ranges
Cats’ IDs Percentage overlap
95% range 50% range
C2417 and C2418 7.1 0.0
C2417 and C2419 30.3 13.0
C2418 and C2419 35.6 0.0
624 Mamm Res (2020) 65:621–628
the lake at its closest point. It did pass by the lake on one
occasion and was recorded at 6 m from it, but did not stay in
the area for long, being recorded in a different location 30 min
later.
Galápagos marine iguanas
The home and core ranges of all three cats overlapped to
some extent with one or both iguana colonies (Fig. 2). The
average overlap of the home and core ranges with the igua-
na ranges was 11.9% and 6.2% respectively (Table 4). The
home range of C2418 had one outlying area, which over-
lapped precisely with a recorded iguana nesting area (Fig.
2). This cat made five separate visits to this area on 10, 14
and 20 May and 2nd and 12 June. All visits were between
01:30 and 09:00.
Although the exact date of iguana hatching in this area was
unknown, frequent surveys allowed the estimation of a date (1
June) which was likely within a 3-day window of the first
hatchings. When comparing home and core ranges created
using only GPS fixes from before, or from after, the 1 June,
for each cat, we found that there was very little change in the
overlap of the before and after ranges with the iguana areas
(Table 4).
Green turtles
Of the three cats studied, C2417 had a home range that
overlapped significantly with the recorded green turtle
(Chelonia mydas) nesting areas, with 23% of GPS fixes
within the nesting zone. Our observations of these nests
indicated high hatching activity in the early evening in
keeping with published data for this species (Salmon and
Reising 2014). When the movements of C2417 during the
early evening (defined as 18:00–22:00) were considered in
isolation, the proportion of GPS fixes within the nesting
Fig. 2 The locations of two marine iguana territories and one nesting area, overlaid with home (95%) and core (50%) ranges for one female (C2417) and
two male (C2418 and C2419) cats tagged with GPS collars on the north east tip of San Cristóbal
Table 4 The extent of overlap between the home (95%) and core (50%)
ranges of each cat and the area used by iguanas, produced by dividing the
area of the intersect by that of the union of the two ranges, along with the
change in overlap extent before and after the estimating hatching date of 1
June
Cat ID Percentage overlap with
iguana area
Change in percentage overlap
after hatching date
95% range 50% range 95% range 50% range
C2417 9.0 8.1 1.9 − 1.6
C2418 18.0 5.5 3.3 2.4
C2419 8.8 5.0 − 1.2 1.6
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area rose to 59%. Twenty-eight percent of the core range
created only from the GPS fixes within the early evening
time frame overlapped with the turtle nesting area, com-
pared with 18% of the original core range encompassing all
the fixes for this cat (Fig. 3).
Discussion
Although the territories of the cats overlapped with the marine
iguana ranges, we did not see a clear change in feral cat habitat
use around the estimated time of iguana hatching. We are
therefore unable to confirm or reject our original hypothesis.
This is likely in part due to the limitations of our small-scale
dataset but could also be due to the size and demography of
the marine iguana population studied. Of all the islands on
which the marine iguana occurs, the smallest population is
found on San Cristóbal (Wikelski and Nelson 2004).
Though reasons for this are unclear, the fact that San
Cristóbal is considered to be the most human-modified island
of the archipelago (Watson et al. 2010) might indicate the
influence of anthropogenic threats. Feral cats are perhaps the
most pressing of those threats, especially at Punta Pitt, a lo-
cality at quite a distance from sources of marine pollution and
urbanisation. The small size of the marine iguana population
at this location and the particular paucity of young iguanas
may indicate that—due to their scarcity—the iguanas here
do not represent a significant source of food to the cats. To
better estimate the impact of cat predation on the marine igua-
na in general, it may be worth undertaking a larger study at
another colony, such as those found on Isabela Island or Punta
Nuñez on Santa Cruz, where larger numbers of hatchlings are
known, and feral cats also occur. For the Godzilla iguanas on
San Cristóbal, analysis of the feral cat’s diet via scat samples
may yield better results, although such studies in this region
are logistically challenging. One pragmatic solution could be
to undertake stomach content analysis of cats that are trapped
or otherwise killed in control measures during the normal
activities of the conservation managers.
Although the feral cats’ ranges did overlap with the lake used
by waterbirds, the cats spent very little time in this area and so
there is little reason to suspect they were hunting here. However,
we did find evidence suggestive of cats responding to the pres-
ence of green turtle hatchlings. Green turtles are an endangered
migratory species that utilises the Galápagos’ beaches for
nesting. Of the three cats studied, we found one which had over
2.5 times the number of GPS points within the nesting zone
during the time of highest hatchling emergence. This could sug-
gest that this cat was predating upon the turtle hatchlings, but
without further study, this is only speculation. However, such
predation has been described before in other localities (Seabrook
1989) and the great local abundance and vulnerability of hatch-
ling green turtles to cats makes them a probable prey. Though it
is possible that the presence of nocturnal black rats attracted to
Fig. 3 Core (50%) ranges for cat C2417 using all GPS fixes and using only those recorded between the hours of 18:00 and 22:00, with comparison to the
turtle nesting area
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the turtle nests may have in turn attracted the cat instead; our
observations during our 2-month long camp in the area suggest
very few rats are found there. Despite daily careful wildlife
surveys, we encountered a black rat only once, which appeared
to have been attracted to the campsite by our food store. Indeed,
rats are relatively uncommon in arid coastal and scrub areas of
the Galápagos (Clark 1980) and are presumably far more chal-
lenging prey for cats than freshly emerged turtles.
Home ranges of the cats studied were smaller than those
reported for other localities, though not markedly so when
compared with earlier estimates that specifically concern feral
cats in Galápagos; indeed, these values are very similar to
those reported for feral cats in Galápagos in the 1980s
(Konecny 1987b). Home ranges differed slightly when com-
paring day and night, with nocturnal ranges being smaller than
diurnal ones. Such findings could be useful for efforts to con-
trol and eradicate this species, indicating that trapping and
other control measures need not cover large areas in order to
be effective.
Overall, our pilot study indicates that GPS-based studies
of home ranges have great utility in learning about the
habits of invasive animals, but such studies should involve
a larger sample size to increase the usefulness and wider
applicability. To investigate specifically whether feral cats
respond to the seasonal availability of marine iguanas, fu-
ture studies should focus on localities with larger numbers
of hatchling iguanas and attempt to positively determine
potential prey species through scat analysis. Whilst the
smaller iguana colonies are likely to suffer greater effects
of predation, the low number of hatchlings in such colonies
makes studying the effect very difficult. The results of this
study hint that feral cats around Punta Pitt may be
responding to emergence of hatchling green turtles and
further research should be done to investigate the threat
posed by cats to recruitment in this vulnerable species.
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